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Fig.1 Shearography optical arrangement
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Impact Damage Characterization of Composite Materials Based on
Independent Component Analysis for Infrared Sequences

YUAN Lihua', HONG Kangl, ZHU Yanzhen', XI Tengyanl, LI Zhe®
(1. Key Laboratory of Nondestructive Testing of Ministry of Education, Nanchang Hangkong University,
Nanchang 330063, China;
2. AECC Shenyang Liming Aero-Engine Co., Ltd., Shenyang 110043, China)

[ABSTRACT] The independent component analysis method was used to study the defect characterization problem
of composite impact damage based on pulsed infrared images. First, according to the prior knowledge of pulse infrared
experiment of test block and the temperature difference between defect and non-defect, the appropriate interval segment
was selected for infrared sequence image. Then, centering preprocessing and whitening preprocessing were performed
on the constructed data matrix, independent component analysis was performed by gradient descent method, and the
independent component feature image can be obtained by reconstructing the matrix. Finally, by choosing an appropriate
image segmentation method, the defect characterization quantities of the maximum damage long diameter and damage
short diameter can be obtained. Taking the damage defect extraction of two carbon fiber reinforced composite laminates
with different thicknesses under the impact energy of 30 J and 40 J, as an example, the maximum damage long diameter
and damage short diameter of impact damage were successfully extracted and compared with the results of ultrasonic F-scan.
For comparison, the errors are within an acceptable range, especially for the laminate with a thickness of 2 mm, which
errors are within 5%. The research results showed that independent component analysis can effectively distinguish noise
from defects, and the obtained feature image has higher signal-to-noise ratio, greater contrast and better image quality than
the original image, which is beneficial to the extraction and characterization of defects.

Keywords: Independent component analysis; Pulse infrared nondestructive testing; Composites material; Impact damage;

Image segmentation
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Study on Shearography and thermography in Nondestructive Testing for
Fairing Parts

ZHANG Dongsheng', LUO Yongjian’, LIAO Richeng’, YE Yimin', ZHANG Tao', YE Chengjiong'
(1. Shanghai University, Shanghai 200444, China;
2. State-Owned Changhong Machinery Factory, Guilin 541002, China)

[ABSTRACT] In this paper, shearography and thermography have been used in detecting inner defects of the fiber
reinforced resin matrix composite fairing shell. Shearography and infrared thermography are contactless nondestructive
testing methods based on distinct disciplines. Under the same thermal excitation, these two methods are able to be applied
to nondestructive testing. In this study, an image fusion technique has been proposed to expand the dynamic range of
digital camera to meet the requirement for smooth surface of the fairing shell. Based on a low-cost thermography setup,
a phase enhancement scheme has also been developed for on-situ nondestructive evaluation. Shearography and infrared
thermography have been conducted on the fairing by means of thermal excitation. The experimental results show that the
proposed fusion method is helpful in dealing with the uneven distribution of light intensity due to laser illumination and
surface condition; and the infrared phase enhancement scheme greatly improves the visibility of defects. These two methods
possess individual advantages. Based on the experiment, an assessment about these two optical methods is conducted,
which provides valuable experiences in subsequent defect detections.

Keywords: Infrared thermography; Shearography; Fairing; Nondestructive testing; Image analysis
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